Rationale: Complexity is increasingly recognized as a critical variable in health care. However, there is still lack of practical tools to assess it and tackle the challenges that stem from it, particularly within hospitals.
| INTRODUCTION
It is widely recognized that patients' complexity is increasing, 1 also due to the current demographic and epidemiological trends. However, we still lack effective tools to help practitioners face the difficult challenges that complexity presents, 2 both in primary care 3 and within hospitals. 4 Partly, this stems from the fact that patient complexity is difficult to define 5 and therefore to measure, 6 which is a prerequisite for developing solutions to tackle it.
Most of the descriptions of clinical complexity have focused on the simultaneous presence of 2 or more chronic conditions in patients, also known as multimorbidity. 7, 8 However, a recent study showed a poor overlap between indexes of multimorbidity and subjective judgments of complexity by general practitioners, 9 and many authors point out that while multimorbidity is certainly a possible cause of complexity, it is not a necessary one. [8] [9] [10] A patient can indeed be complex for different reasons, such as psychosocial factors (eg, mental health issues or substance abuse), even if not frail, elderly, or chronic. 9 Therefore, using multimorbidity indexes to identify complex patients suffers from sensitivity issues. On the other hand, multimorbidity does not even seem to be a sufficient cause for complexity. A patient with multiple chronic conditions (eg, diabetes, coronary artery disease, and chronic obstructive pulmonary disease) can in fact be admitted to an internal medicine ward for a simple problem (eg, pneumonia) with a predictable and definite path/outcome. Therefore, using multimorbidity to identify complex patients also suffers from low specificity, which would seem particularly undesirable given the extremely high, and exponentially growing, prevalence of this condition today.
11
Complexity is a property of systems with a high number of components, interacting dynamically and nonlinearly at multiple levels, also through feedback loops, so that the evolution of the system is not predictable. In a patient, therefore, complexity can be seen as the intricate entanglement of at least 2 systems (eg, body and disease, family-socioeconomic and environmental status, and therapies) and thus should require multidimensional assessment. 12, 13 A scoping review of the literature on patient complexity has identified 5 dimensions, related to health and social experiences, medical/physical health, social capital, mental health, and demographics. 8 Recently, the INTERMED ™ , an interview-based method developed from the biopsychosocial model of disease, 14 has been suggested as a possible assessment tool to be used in hospital wards. 15 Conducting an assessment with this method, however, requires a specific training and takes an amount of time that, though limited (15-20 min) , could make it difficult to use in practice in a strongly time-constrained setting such as an internal medicine ward.
In the light of these problems with defining and measuring complexity, and to develop solutions for managing it, it might be useful to expand the focus from the complexity of the patients to the one of the tasks carried out by professionals in providing health care for patients. Clinical task complexity can be described first of all in medical decision making to be particularly important, as all the other complexity dimensions ultimately influence it. Indeed, it has been suggested that "complexity of care
can be understood as increased time required to evaluate and treat health care conditions (…) and increased information that must be mastered in order to understand how to manage these conditions." 17 Moving from patient complexity to task complexity means considering not just the complexity of a status (of a patient) but also the one of a specific episode requiring medical care that leads to the hospitalization for the perturbation of the health status of a patient, whether complex or not ( Figure 1 ). As exemplified in Table 1 , in fact, it is easy to show that patient and episode complexity can be disjointed, so that a complex patient can be admitted for a simple problem and vice versa. With this conceptual shift, the dynamic nature of complexity 18 is also more easily taken into account, as the complexity of an episode is likely to change throughout the length of the hospital stay due to the treatment and of the interactions in the health system of a patient, while the complexity
Distinction between the level of complexity of the status of a patient and of a hospitalization episode as due to the perturbation of the health status integrates both aspects of patient and task complexity, but, to our knowledge, it has not yet been implemented in a tool. In the rest of the paper, we will present a novel simple screening method for patients with a complex episode, based on a mix of subjective and objective criteria, that we developed by literature review and experts' discussion and tested in an internal medicine hospital ward. The aim of our study was to verify the feasibility of using this method to identify patients with complex episodes, to analyse the features of patients with complex episodes, and to compare them to the features of the other patients.
| MATERIALS AND METHODS

| Development of an "episode complexity" screening method
Building on the previous considerations, we developed a set of criteria that could be useful to identify patients with complex episodes. An episode complexity screening form ( Table 2 ) was structured including 6 elements that reflect different (although potentially related) facets of clinical complexity. The criteria were derived by a team of specialists in cardiology, internists, and GPs, based on their real-world, long-term experience in managing the complexity of patients with heart disease, and on a review on the literature on complexity assessment. The elements included are relative to both aspects of patient complexity (ie, inherent to the patient status, such as multimorbidity, absence of clinical guidance, and end-of-life) and to the complexity clinical tasks to be carried out during the hospital stay. The fulfilment of one of these criteria is sufficient to consider a hospitalization episode as highly complex in a given moment in time (throughout the length of stay of the patient in the ward).
The episode complexity screening form embodies the view of complexity of care as the need of more time 17, 19 to assess and treat the health conditions of the patient, to relate (with the patient, the caregivers, and with other specialists and other actors involved in the health care network), and to think and gather all the necessary information to understand how to manage and treat more effectively the patient's problem(s). While developing this instrument, however, we reasoned that beside patients with complex episodes, due to the various factors previously highlighted, internal medicine wards often also host a variety of clinically stable patients with a clear and definite diagnostic-therapeutic path, which might not require a direct, bed-side daily management from internists. Examples of these low-complexity cases are patients on antibiotic therapy in a septic, postcritical state waiting for the physiological response to the treatment, or patients that have completed their in-hospital path and are waiting to be moved to an external structure for starting a previously defined pathway (eg, a patient waiting for the availability of a bed in a neurological or orthopaedics rehab structure). Considering also the other end of the spectrum of clinical care complexity might be useful to find the resources that are needed for the management of the more complex cases. 20 We thus decided to complement the episode complexity criteria with additional ones devoted to identifying low-complexity cases. The 4 criteria that were devised are listed in Table 3 and together constitute a checklist in which all the elements must be checked to consider the complexity as low.
| Setting
The study was conducted in one of the internal medicine wards of the Borgo San Lorenzo (Florence) hospital, a medium-small sized hospital located in a rural area of northeast Tuscany. The hospital serves a population of approximately 70,000 residents, has 48 internal medicine beds grouped into 3 IM wards (16 beds each), and staffed with 9 internist physicians and 24 nurses.
| Data collection
An internal medicine specialist (SB) of the hospital carried out data collection with the assistance of a nurse (MP), filling in the previously presented forms. All the patients hospitalized in the ward (16 beds) The patient does not refer negative variation in his or her subjective health status (eg, pain, breathlessness, and palpitations).
□
The overall evaluation from the nurse does not indicate the need for a further medical assessment.
To consider a hospitalization episode as having low complexity, all the conditions in the checklist should hold.
were monitored, recording every day the level of complexity of their event and the elements that made up the complexity of the event.
Data collection was carried out in 2 periods, the first between March and May 2016 (25 days) and the second between October 2016 and January 2017 (31 days), and regarded 240 distinct patients.
At the end of the monitoring period for each patient, we extracted from the hospital medical records information about the length of stay in the hospital, the discharge diagnosis, the destination at discharge, and the eventual readmission within a month from discharge. For each patient, we also computed 2 binary variables recording respectively whether (a) in at least 1 day during her/his hospital stay, the patient had (vs. had not) 1 or more elements of complexity (ie, whether the patient had a complex episode during her/his stay), and (b) in at least 1 day during her/his hospital stay, the patient had (vs. had not) been fully stable and at low complexity (ie, whether the patient had a simple episode during her/his stay). Coding of the presence/absence of simple and complex phases of hospitalization was based on the criteria in Tables 2 and 3 . On the basis of the number and type of chronic diseases and of the discharge diagnosis, we also computed a further variable coding the presence/absence of a complex state in the patient, recording for each patient the Charlson Co-morbidity Index 21 and using a cut-off of two to consider the patient status as complex. 9 
| Statistical analysis
We computed descriptive statistics to illustrate the demographic characteristics of the sample of patients and of subsets defined by the presence/absence of a complex or a simple episode during their stay. We run descriptive statistics about the daily volume of patients in the ward, overall, and grouped by complexity level, and we computed frequency tables about the causes of episode complexity.
Logistic and linear multiple regression models were used to test for the association between episode complexity, patient complexity, and outcome variables such as length of stay, mortality, destination at discharge, and readmission after discharge. All the analyses were conducted by using the open-source statistical analysis software R, version 3.2.2.
| RESULTS
During the data collection periods, we recorded information about 240 patients that were monitored from 1 to 12 days during their hospital stay (average number of days monitored per patient = 3.5).* Sixty-nine *Due to staff constraints, the data collection could not be continuous throughout the whole durations of the 2 periods. A suboptimal consequence of this is that, in our sample, short stays might be underrepresented. Prevalence of complexity elements among the patients having a complex episode TABLE 6 Multiple regression analyses of length of stay and selected outcomes (death, readmission within 1 month from discharge, discharge at home, transfer to another hospital, and patient entering a simple phase as defined by the criteria in Table 3 ) on event complexity (as defined by the criteria in Table 2 ), sex, and gender The regression coefficients reported are unstandardized and derived from linear regression for length of stay and from logistic regression for all the other outcomes.
Length of stay (days) Death
*P < .05. **P < .01. ***P < .001.
TABLE 7
Multiple regression analyses of length of stay and selected outcomes (death, readmission within 1 month from discharge, discharge at home, transfer to another hospital, and patient having a complex event, as defined by the criteria in Table 2 ) on event simplicity (as defined by the criteria in Table 3 
The regression coefficients reported are unstandardized and derived from linear regression for length of stay and from logistic regression for all the other outcomes.
*P < .05. **P < .01.
***P < .001.
patients (28.8% of the sample) had a complex event during their stay, due to the presence of one or more complexity components, and 115 (47.9%) had a phase of stability. Ninety-five percent of the patients (n = 224) had a Charlson score of 2 or higher and 89%
(n = 211) a score of 3 or higher. In Table 4 , the features of the sample of patients and of subgroups defined based on the presence/absence of complex and simple episodes during their stay are reported. The overall mortality in the sample was 5.4%, and 7.5% of patients were readmitted within 1 month after discharge. In Table 5 , the frequencies of destinations at discharge and of readmission within 1 month from discharge are reported.
The average number of patients monitored per day was 15 (SD = 2.6). The average percentage of patients with a complex event present everyday was 18.4%, and the percentage of patients with a simple event was 27.6%. In the ward, every day, there were on average 2.9 patients with a complex event (95% CI: 2.4-3.4), 4.1 patients in condition of stability and with a low complexity episode (95% CI:
3.6-4.7), and 8.2 "standard" patients, with neither a complex nor a simple episode (95% CI: 7.6-8.8).
Among the 69 patients with a complex episode, a mean of 1.5 complexity components were found, with a maximum of 4 elements per patient. The frequencies of the different complexity components in the The regression coefficients reported are unstandardized and derived from linear regression for length of stay and from logistic regression for all the other outcomes.
TABLE 9
Multiple hierarchical regression analyses of length of stay and selected outcomes (death, readmission within 1 month from discharge, and event complexity) on sex, gender, patient complexity (defined as Charlson comorbidity index >2), and event complexity (as defined by the criteria in Table 2 )
Length of stay (days) Death (in-hospital) Readmission (within 1 m) Complex event
Step 1 In the first step, we included sex, gender, and patient complexity as predictors. In a following step, we added event complexity as a further predictor. The regression coefficients reported are unstandardized and derived from linear regression for length of stay and from logistic regression for all the other outcomes.
sample are plotted in Figure 2 . The episode complexity component that was most frequently found was the need of more time for human/professional relationships, which was found in 71% of the patients having a complex event. No difference between men and women was found in the probability of having a complex episode, but patients with complex episode were significantly younger than patients without (difference: −5.2 years; P < .05). The Charlson Co-morbidity Index was also significantly associated to the presence of a complex episode (OR: 1.17; 95%
CI: 1.05-1.31). The presence of a complex state in the patient (as defined by a Charlson score of 3 or higher), however, was not associated to the presence of a complex event (cf. Table 9 , last column).
The results of the regression analyses † (Table 6) showed that patients with a complex event during their stay, compared with patients without, had a significantly higher probability of death (OR: 24.93; 95% CI: 6.07-171.63) and of being transferred to another hospital at discharge (OR: 3.44; 95% CI: 1.11-11.18). They also had a lower probability of hav- Patients that had a simple phase during their stay, compared with those that did not (Table 7) , had a significantly higher probability of going home at discharge (OR: 2.14; 95% CI: 1.15-4.08) and a lower probability of death (OR: 0.08; 95% CI: 0.00-0.40). The Charlson score of patients with a simple phase was not significantly different from those of patients without.
The Charlson Co-morbidity Index was not significantly associated to hospital mortality or readmission within 1 month after discharge (Table 8) , and neither (Table 9 ) was the presence of a complex state (Charlson >2). The Charlson score was associated with length of stay (B = 0.48; P < .01), controlling for age and sex, but it was able to account for much less variability (2%) than the presence of a complex episode alone (8%). Once the presence of a complex event was included in the model, moreover, the Charlson score was no longer a significant predictor of length of stay in the hospital.
| DISCUSSION AND CONCLUSIONS
It is widely recognized that the level of complexity in health care is increasing, posing difficult challenges to health care professionals 1,2 both in general practice and in internal medicine wards. Yet we still lack effective solutions not only to manage complexity but even to measure it. The available multimorbidity scales often used to this aim, in fact, do not seem to be able to characterize the real complexity of patients, 9, 12 and several studies show that multimorbidity is only 1 of the possible facets of complexity, and neither a necessary nor a sufficient cause of it, so that when it is used to identify complex patients, there are both sensitivity and specificity issues. [8] [9] [10] [11] [12] [13] Moreover, if the complexity of a patient is assessed by using tools only based on features such as multimorbidity, it should remain more or less the same throughout the length of the hospital stay, while it is reasonable to assume that the complexity of care will actually vary as the patient's conditions change due to the treatments received.
We believe that to overcome these problems, it could be useful to focus more on the complexity of the clinical tasks than on the one of the patients, and to distinguish between the complexity of the patient status, as related to features such as the presence of multiple, often chronic, diseases (but also to socioeconomic or mental health issues), and the complexity of the episode, conceived as the perturbation of a health status (complex or not) that brought to the hospitalization in a given moment of the patient life.
Based on the aforementioned distinction, we developed a simple novel screening method to identify patients having a high-complexity hospitalization episode, using both subjective and objective criteria.
The results of our study show that the patients that can be identified with this method are indeed more at risk of death than other patients and tend to stay longer in the hospital. Consistently with our assumptions, and with previous studies, 9, 10, 12 there is little overlap between the presence of a complex episode and patient complexity as indexed by a certain level of multimorbidity: although multimorbidity affects the likelihood of having a complex episode, many patients with high
Charlson score did not have it, and, vice versa, many of the patients with a complex episode did not present multimorbidity issues.
Interestingly, as a matter of fact, the patients that we identified as complex tended to be younger than other patients.
Our estimate of the prevalence of complexity within an internal medicine ward (28.8%) is quite consistent with the results of previous studies 15, 22 that used more complex methods to estimate it (27.6%) and also found complex patients to have longer length of hospital stay and worse prognosis than noncomplex ones. With respect to an interesting interview-based method such as the INTERMED ™ , 16 built on the biopsychosocial model of health, an advantage of our method is that it does not require particular training to be used, and it is much quicker and thus more practical to use in situations when time is scarce, so much that its scarcity itself might be among the main sources of clinical task complexity. 17, 19 Indeed, this is supported by our own findings that the most frequent complexity element was the need of more time for optimal management, which was more than 3 times more frequent than the second most frequent causes, related to multiple organs instability or end-of-life decisions. Besides fitting more easily among the various tasks performed daily by internists at bed side, a quick screening method could be also used repeatedly across the length of the hospital stay of a patient (from admission to discharge), allowing to dynamically track the evolution of the level of complexity throughout time, as the patients' conditions change due to the treatment received.
Lastly, our results confirm that next to patients with complex episodes, internal medicine wards constantly host clinically stable patients, whose hospitalization episodes have a low level of complexity, with a relatively high degree of predictability, regardless of the level of multimorbidity. Daily management of these patients could be delegated to a specifically trained nurse to save the time needed for more complex cases, keeping the internist accountable for their case management and discharge. In the lights of our data, we estimate that every day, 45 to 60 minutes could be gained in this way, allowing to allocate 15 to 20 extra minutes for each patient with a complex episode.
Our study has some limitations. The first one is that sample size is rather limited, and, more importantly, it is relative to a single small hospital, serving the population of a rural area. Our results thus might not be generalizable to other settings with different case mix. A second † All the analyses were conducted controlling for age and sex.
limitation derives from the discontinuity of data collection within the 2 periods: due to staff constraints, in fact, we were not able to collect data every day, and there were thus "holes" in the data collection activity throughout time. A consequence of this is that our sample patients with short hospital stay might be underrepresented and thus conversely that complex patients (which as we have seen stayed longer in the hospital) might be over represented. Another one is that we could not analyse the transition between complexity levels across time. However, this should not introduce a bias in the results concerning the prognosis of these patients.
Another potential limitation of the study and of our assessment method could be the relative arbitrariness of some of the episode complexity criteria that we have considered. It is indeed clear that there could be a considerable disagreement among different internists about which cases require more time for optimal management (to think, relate, and communicate) and that our results about the prevalence might have thus been different had the monitoring been carried out by a different person. Future research should certainly investigate interphysician variability in the screening of complexity episodes using our method, and we are already planning a follow-up study in which multiple physicians will independently use the complexity form on the same patients. However, on the one hand, only 1 of the criteria was potentially arbitrary, while the rest were objective. On the other hand, and more importantly, we believe that introducing some degree of subjectivity in the assessment could be an added value, more than a limitation of this method. After all, IM specialists do differ among each other, in experience, technical and nontechnical skills, and attitudes, and it would be thus useful to factor-in these differences if our goal is to allocate the resources (temporal, professional, etc.) that are necessary for the optimal management and care of an episode with a given level of complexity.
We are about to trial an experimental protocol to manage complexity based on our tools, and on the differential allocation of resources based on the level of complexity in one of the wards of the Borgo San Lorenzo hospital. This study will allow us to address some of the limitations of the present pilot investigation, including the fact that a single physician screened all the patients by using our forms, and assess the potential usefulness of the method for improving management of internal patients with complex episodes. Hopefully, factoring in the degree of complexity in the management of internal medicine patients, we could help to improve prognosis and reduce length of stay and frequency of unplanned readmissions of those with more complex events.
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